Leading experts in the manipulation of light offered by recent advances in laser physics, nano-science, and applications, were invited to give lectures in their fields of expertise and participate in discussions on current research, applications, and new directions. The sum of their contributions to this book is a primer for the state of scientific knowledge and the issues within the subject of photonics taken to the extreme frontiers: molding light at the ultra-finest scales, which represents the beginning of the end to limitations in optical science for the benefit of 21st Century technological societies.
Laser light is an exquisite tool for physical and chemical research. In the past 5 years physicists have developed pulsed lasers with such short durations that one laser shot takes the time of one molecular vibration or one electron rotation in an atom. The new laser methods make it possible to look inside an individual atom or molecule and observe its internal electronic structure. The technique of quantum control exploits lasers to prepare the state of atoms and molecules and manipulate the interference of competing pathways enabling inter alia the study of physical processes and new chemical reactions.
In parallel, advances in micro-and nano-structured photonic materials allow the precise manipulation of light on its natural scale of a wavelength. Photonic crystals: -periodic dielectrics with a period on the scale of a wavelength: the analog for photons to the semiconductor crystals for electrons -allow the manipulation of the photonic density of state and, specifically, the introduction of a photonic 'bandgap', i.e. a frequency band over which light cannot propagate within the material. Related metamaterials -materials composed of sub-wavelength nanostructures -permit the manipulation of the dispersive properties of materials. Plasmonics exploits plasmon resonances (collective oscillations of an electron gas) that enable the tight sub-wavelength confinement of light. Often in combination, metamaterials have allowed the experimental confirmation of bizarre new effects such as slow light and negative refraction.
These advances open a vista on a new era in which it is possible to engineer materials to control photons as precisely as it is now possible to control electrons using quantum confinement in semiconductors. Ultimately, one can expect techniques to be developed that exploit the control of electrons, photons and their interaction. In the context of Information and Communications Technology, one can envisage new devices for which the question: 'are they electronic or photonic devices' is undecidable.
Laser light is not only a tool for matter research and material technology. Because of its high coherence and adjustable wave structure, laser light now finds PREFACE xii a wide field of applications from nanophysics to material processing. Thin film transistors, light crystals and optical waveguides give just a few examples where femtosecond lasers lead to absolutely new materials and processing technologies. Recent advances of femtosecond laser techniques have opened new horizons for laser-based diagnostics of environment. The femtosecond and laser techniques have provided a major technological breakthrough in remote diagnostics of atmosphere and brought to life the first in the world mobile terawatt laser for atmospheric research. For many years coherent laser light has helped to efficiently diagnose the dynamics of explosion and combustion processes. There is a strong demand in search for directions, methods and ideas, which can lead to the development of new methods and technologies for global monitoring and remote control of atmosphere and sea/air pollution, and for rapid detection and localization of chemical and biological hazards as well as warfare agents.
Optical coherence tomography and laser phototherapy have become routine in medicine, though just 5 years ago they were only research projects. Applications of highly coherent laser light and recently developed ultra-short lasers to biomaterials create new and very promising techniques of constructing and manipulating living cells and tissues. Today lasers can properly align the cells, engineer tissues, imprint biostructures, and even operate on cells.
The objectives of the Advanced Study Institute (ASI) were to: (i) build a creative learning environment by bringing together worldwide recognized scientists, strongly motivated and internationally trained researchers who have already made a major contribution to the institute topics; (ii) highlight and explore important aspects of fundamental science and applications in the field of nanoscience, biomedicine, environment and security and defense, where the methods of laser control can lead to developing new technologies and diagnostic tools as well as creating new materials; (iii) provide participants with an opportunity for a deeper integration into the international research community and foster cooperation and the broad exchange of knowledge and ideas; (iv) create the environment to enter into new national/international collaborations and broaden existing ones, including collaborations with non-NATO countries.
The ASI was held in Ottawa, the National Capital of Canada, a city with a major concentration of industry, government and academic organizations active in laser related science, engineering and technology. The Centre for Research in Photonics at the University of Ottawa (CRPuO) was honoured to have been granted the lead in the organization of the Institute and to play a prominent role in the planning and execution of the meeting. The University of Ottawa, the oldest and largest bilingual university in North America, is a place where languages, cultures and national and international perspectives come together to create a unique educational experience in the heart of Canada's capital. Our bilingualism, multiculturalism and research excellence set us apart from other universities. At the University of Ottawa we recognize that innovation is increasingly the result of international cooperation in science and technology. This targeted academic and socio-economic transformation is achieved in part by identifying key partners and PREFACE xiii opportunities at the international level and by participating in collaborative projects and technology transfer.
All lecturers and participants were invited to share their views during roundtable discussions and networking sessions. An additional open session (Advanced Applications and Technology Forum) of the ASI encouraged networking among specialists in related fields, with the intent to seed possible collaborations and follow-ups in the domains of material science, optics and polymer science. The Program was designed to perform coverage of the above topics, to offer intensive interactions of presenters and participants, to facilitate extensive discussions, networking and establishing novel cooperative and linkage initiatives, to foster transfer of advanced knowledge from academia to industry, to adjust basic research for urgent societal needs, to encourage integration of Partner Countries researchers into NATO countries research and development projects. It included regular tutorial lectures by invited speakers, selected oral contributions from participants, two poster sessions for participants, and the above mentioned open session called Advanced Technology and Applications Forum, where international cooperation, academia -industry interactions, and general issues on comercialization of technologies were discussed.
Roundtable discussions included as well NATO Science for Peace and Security Programme overviews (Department of Foreign Affairs and International Trade Canada) and International Science and Technology Centres activities in former USSR countries as efficient managerial and financial tools towards integration of academia and industry, primary means for commercialization of research breakthrough and cooperation.
In addition, tours at NRC Canada and University of Ottawa laboratories provided direct access to cutting-edge laser research aimed at ultrafast lasers applications for ultrasensitive probing of electron properties in matter. Meeting and discussions during this kind of tours enables nucleation of emerging cooperation of ASI attendees with Canadian centres of excellence. Networking stimulated new linkages between participants, exchange of knowledge and ideas gained in the field of laser Featuring eminent scientists from 15 different countries, the NATO Advanced Study Institute aimed to translate cutting-edge research into practice in the real world. This international forum brought together students, scientists, and local technology companies to tackle key areas of growth, specifically the use of laser technologies for environmental diagnostics, threat detection, and biomedicine. Including Ottawa's own wealth of talent such as Dr. Paul Corkum from the joint National Research Council of Canada (NRC) and University of Ottawa Attosecond Science Laboratory; Dr. Albert Stolow of NRC and University of Ottawa; colleagues Drs. Thomas Brabec, Ravi-Bhardwaj Vedula and Lora Ramunno in Physics; Dr. Tito Scaiano in Chemistry; and Drs. Henry Schriemer and Hanan Anis in the School of Information Technology and Engineering, the Institute was focused on cultivating a global and multidisciplinary approach to addressing these complex issues, providing both education and networking opportunities to academics, students and industry professionals alike.
PREFACE xiv applications as well as nucleation of novel bi-national and international targetoriented research with potential applications for new materials, biomedicine, environmental monitoring, defense and security.
The Crowne Plaza Hotel located in downtown Ottawa, close to the University of Ottawa and other institutions such as the National Research Council laboratories, was found to be a perfect choice as a location for this meeting. The beautiful location with a panoramic view of Ottawa and the Ottawa Valley allowed the participants to work in a relaxed and motivating atmosphere and establish many fruitful personal research contacts and discuss in more details the topics of the lectures. The overseas participants had the opportunity to be exposed to the cultural diversity of the host country.
During the Institute, it was demonstrated that lasers offer unique options of study of matter properties by means of precise resonant excitation of atoms, molecules, and solids; probing and controlling their excited states; extreme spatial confinement of energy; high localization of electromagnetic field; ultrashort time under investigation and control. Lasers were shown to find extensive applications in control and monitoring in material science, biomedicine, environmental research, security and defense. All of the testimonies received from participants were very positive, not only about the formal learning experience but also the opportunity for interactions with scientific leaders in the field and with fellow participants.
of-the-art methods of ultrashort laser pulse generation and characterization; and how such pulse generation enables the observation and control of excited state dynamics in atoms, molecules and biomolecules. New microscopies and microanalytical techniques that exploit quantum control spectroscopy and nonlinear optical effects are covered in detail. Applications ranging from anti-viral release the spatial manipulation of light within nanostructured photonic materials; concluding with a chapter on silicon photonics: an integration platform that is the closest to engineering feasibility and is capable of subwavelength confinement of light and hence extreme miniaturization.
I would like to take this opportunity to thank all the presenters and participants for their contribution to the success of the Institute. In particular, special appreciation must go to those presenters, all busy people, who nevertheless found time to contribute to this book. I am very grateful to my Co-Director, Dr. Sergey Gaponenko, for his contribution to the organization of the meeting and for graciously helping out with the Chairing. Thanks also to Dr. Paul Corkum and Dr. Stolow for their work on the Scientific Programme committee.
The event was a major financial undertaking and it would not have been possible to hold without the considerable financial support provided by the North Atlantic Treaty Organisation (NATO), the Department for Foreign Affairs and International Trade Canada; the International Science & Technology Centre in of the volume changes tack and contains chapters describing the state-of-the-art in
In the first half of this volume the reader will find chapters that explain statefrom photocages to laser materials processing are touched upon. 
